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ABSTRACT
Fuel consumptions are measured by operating passenger car and tractor-trailer on two interstate
roadway sites in Florida. Each site contains flexible pavement and rigid pavement with similar
pavement, traffic and environmental condition. Field test reveals that the average fuel
consumption differences between vehicle operating on flexible pavement and rigid pavement at
given test condition are 4.04% for tractor-trailer and 2.50% for passenger car, with a fuel saving
on rigid pavement. The fuel consumption differences are found statistically significant at 95%
confidence level for both vehicle types. Test data are then used to calibrate the Highway
Development and Management IV (HDM-4) fuel consumption model and model coefficients are
obtained for three sets of observations. Field measurement and prediction by calibrated model
shows generally good agreement. Nevertheless, verification and adjustment with more
experiment or data sources would be expected in future studies.
1. INTRODUCTION
While the cost of road construction and maintenance use up a substantial amount of
national transportation budgets, the road using public costs for vehicle operation and
depreciation are even greater. Vehicle fuel consumption cost is one of the very essential
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parts for vehicle operating cost, and it can represents as much as 50% of transportation
costs per production unit in developed countries [1]. Reduction in vehicle fuel consumption
is a crucial benefit considered in technical and economic evaluation of roadway
improvement [2, 3]. Vehicle fuel consumption is affected by different parameters including
vehicle technology, pavement condition, roadway geometrics, environment, speed and
others. Out of those parameters affecting fuel consumption, the pavement type has been
examined throughout research. Studies carried out by researchers such as Zaniewski et al.
[4], Taylor et al. [5, 6], Zaabar et al. [15, 16], Sumitsawan et al. [7], Hultqvist et al. [9],
Lengrenn et al. [8] and Yoshimoto et al. [10] show that the fuel consumption of trucks
travelling on flexible pavement is 0–9.2% higher compared to travelling on rigid pavement
given their field test condition. A 0–8.5% better fuel efficiency of rigid pavement is also
found for passenger vehicles throughout the studies. Given the relative-new infrastructure
age and the sub-tropical environmental condition in Florida, it would be of great value to
investigate the potential fuel economies under local fleet type and traffic conditions. Hence
the fuel consumption difference between flexible pavement and rigid pavement under
Florida’s vehicle, roadway and environmental condition, is the first studied herein.
On the other side, the capability to quantify the fuel consumption cost via different
empirical and mechanism methods is equally important. A number of models have been
developed since 1960s. The models can be generally classified into empirical-based
models and mechanism-based models. The only available U.S. model: Texas Research
and Development Foundation (TRDF) model was developed by Zaniewski et al. in
1980s [4]. The TRDF model was incorporated into the MicroBENCOST later on as a
representative of vehicle and roadway technology at that time. In recent years, several
novel mechanistic Pavement-Vehicle-Interaction (PVI) models were also developed by
MIT Sustainability Hub including deflection-induced PVI model, dissipation-induced
PVI model and roughness-induced PVI model. These models aim at quantifying the
impact of pavement structural and material properties on pavement-vehicle interaction
and consequently on vehicle fuel consumption [12–14].
The “Highway Design and Maintenance Standard (HDM) Model” is one of the
mechanism models that developed by World Bank in last century for evaluating
investment decisions in several developing countries. As one of the HDM models, the
latest HDM-4 fuel consumption model is used to estimate the vehicle instantaneous fuel
consumption, as being directly proportional to the power required by the vehicle to
overcome forces opposing the movement [17–19]. The model has been widely adopted
given its extensively acceptance and ease of transferability between economical and
physical environments. Thus, in this study, the second objective of the field measurement
is to calibrate the HDM-4 fuel consumption model to accommodate the roadway and fleet
condition in Florida.
2. FIELD TEST
2.1. Test Site Selection
The test sites are selected within the highway system in state of Florida. The objective
is to recognize multiple roadway locations that each has adjacent (paired) flexible
pavement section and rigid pavement section with the same or similar roadway
geometries, traffic volume and environmental condition. Each site was assessed for its
topography, operational feasibility, test loop distance and estimated test times. Two of
the following sites on FL’s interstate highways are selected for study.
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Site I: Interstate 95 (MP189–MM204)
The roadway information of the first test site is shown in table 1 including roadway
name, county, begin and end mile post, traffic flow direction, section length and
pavement type.
The section 1 and 2 consist of 0.75 in (19mm) FC-5 friction course, 8.5 in (216 mm)
HMA structure layer and 12 in (305 mm) Type-B stabilized base course. The section 3 and
4 are jointed plain rigid pavement (JPCP) composed of 13 in (330 mm) PCC slab with 
4 in (102 mm) asphalt-treated permeable base. The average annual daily traffic (AADT) of
the four sections is 78,000 vehicles with a 5.1% truck volume. The average IRI values
obtained from State DOT right before the test is 48 in/mile (0.76 m/km) for flexible
pavement and 46 in/mile (0.73 m/km) for rigid pavement. The flexible pavement and rigid
pavement are both nearly straight sections run north-northwesterly on the northbound side
and south-southeasterly on the southbound side (Figure 1).
Site II: Interstate 75 (MP247.5–MP253.5)
Table 2 shows the roadway information of the second test site on Interstate Highway 75
in Hillsborough County, Florida.
Section 5 and 6 are flexible pavement section with 0.75 in (19 mm) FC-5 friction layer
and 9 in (229 mm) of HMA structure course. The section 7 and 8 are composed of 
13 in (330 mm) PCC slab with asphalt-treated permeable base. The flexible and rigid
section both runs along nearly straight north-south direction with the same average IRI
value of 54 in/mile (0.85 m/km) (Figure 2). The subgrade resilient modulus of the flexible
sections is 21,000 psi (145 MPa) for section 5 and 24,000 psi (165 MPa) for section 6.
The modulus information of the rigid sections are not available.
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Table 1. Roadway information of Site I
Begin End 
Mile Mile Distance Pavement
Section RW-ID County Post Post Direction (miles) Type
1 I–95 Brevard 189 196 Northbound 7 HMA Pavement
2 I–95 Brevard 196 189 Southbound 7 HMA Pavement
3 I–95 Brevard 197 204 Northbound 7 JPCP
4 I–95 Brevard 204 197 Southbound 7 JPCP
Figure 1. Test Site I (Left for flexible and right for rigid)
2.2. Test Vehicle
Two types of vehicles are used in this study: passenger car and commercial tractor-
trailer. The passenger car is a 2011 Hyundai Genesis sedan (3.8-L/V6) with a total
weight of approximately 3,750 pounds (1700 kg). It represents the large-size of
passenger vehicle group, (Figure 3). The weight of the passenger car was treated
constant throughout the test. The commercial tractor trucks used in the tests are
eighteen-wheels tractor-trailer rigs with goods loaded before each run, shown in
Figure 3. The gross weight of the commercial trucks are measured and recorded after
each test session.
2.3. Data Collection
Instantaneous gas consumption was collected through vehicle On-Board Data (OBD)
collection device and inputted into Excel database for further processing. Each section
is driven three consecutive runs at a constant speed of 70 mph (113 km/h) for passenger
car and 58 mph (92 km/h) for tractor-trailer. Vehicle speed during the test is kept
constant through cruise control. Figure 4 shows one of repeatability tests of passenger
car on section 3 of test site I. The plot indicates high repeatability for the test. The two
sets of troughs and spikes within the plot correspond to the fuel consumption on two
overpasses along the test section.
The majority of the tested roadway have a relatively leveled terrain, with only a few
numbers of overpasses and bridges along the sections (troughs and spikes in Figure 4).
This can also be validated by the repeatability data plot retrieved from one of the test.
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Table 2. Roadway information of Site II
Begin End 
Mile Mile Distance Pavement
Section RW-ID County Post Post Direction (miles) Type
5 I–75 Hillsborough 247.5 252.5 Northbound 5 HMA Pavement
6 I–75 Hillsborough 252.5 247.5 Southbound 5 HMA Pavement
7 I–75 Hillsborough 253.5 258.5 Northbound 5 JPCP
8 I–75 Hillsborough 258.5 253.5 Southbound 5 JPCP
Figure 2. Test Site II (Left for flexible and right for rigid)
Data filtering was employed to the recorded data sets in order to exclude the effect of
roadway grades (caused by overpasses) on fuel consumption. This approach is to
eliminate the outliers within each data group since the fuel rates are either extremely
large (downhill) or small (uphill) when passing through overpasses. Thus, the average
FC resulted from each pavement types can be fairly assumed not affected by roadway
grades.
Recording of instantaneous fuel rates during the test was manually operated by personnel
based on the mile post signs along test section. Data recordings start when passing the 
begin mile post (BMP) and stop at the point of reaching the end mile post (EMP), (BMP and
EMP of each section are shown in table 1&2). The fuel rates were recorded in miles per
gallon (MPG) at a frequency of five readings per second (5-reading/second). A minimum of
six test sessions were measured from late 2012 to middle 2014. But the total test period on
each site is controlled within nine months.
In addition to pavement type, a number of variables that might affect fuel
consumption are also controlled or recorded during the test. The parameters that are
kept constant include vehicle speed, tire pressure, suspension system, and acceleration.
The variables that are recorded during the tests are ambient temperature, vehicle weight
(for truck only), and wind speed and direction.
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Figure 3. Test vehicles: passenger vehicle and commercial truck
2.4. Data Processing
According to data collection, each section generates three repeated time-based data
series in miles per gallon (MPG). Average fuel consumption of each section can be
calculated through each repeated data sets. Then the average fuel consumption of each
section in MPG was converted into gallons per hundred miles (GPHM).
Data filtering was employed to the processed data raw, which in GPHM, to eliminate
potential outliers. As a result the fuel rate data that correspond to roadway overpasses
were discarded. Zero roadway grade shall be assumed for each section. Finally, average
fuel rate of each section was generated in GPHM for future statistical analysis.
Ambient temperature and vehicle weight (constant for passenger car) were added to
each test record along with the pavement structural/surface information. The ambient
temperature measured and recorded during the test varies from the lowest of 49 ºF 
(9 ºC) to the highest of 88 ºF (31 ºC), with an average of 75 ºF (24 ºC). The combined
weight of the empty tractor trailer and goods ranges from 72,900 pounds (33066 kg) to
80,480 pounds (36505 kg), with an average weight of 76520 pounds (34709 kg).
3. STATISTICAL ANALYSIS
In order to compare the fuel consumption between flexible pavement and rigid
pavement, statistical tests were carried out after the average percentage differences
were calculated. Paired t-test was used to determine whether the difference is
statistically significant at 95% confidence level. The following sections explain the
statistical tests and their corresponding results. Please note that sections 1 to 4 of site I
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Figure 4. Data plot of repeatability for site passenger car on May 12th 2013
were tested via both passenger car and tractor-trailer, while section 5 to 8 of site II were
only measured with passenger car. The results will be demonstrated separately for
passenger car and tractor-trailer.
3.1. Passenger Car Test Results
3.1.1. Average differences
As noted in “Data Processing” section, fuel consumption in gallons per hundred miles
(GPHM) was calculated separately for southbound sections and northbound section of
each pavement type on each test date. As shown from table 3, there are considerable
differences of fuel consumption between northbound direction and southbound direction
of each test session. The main cause of this difference is the wind effect. In order to
exclude the wind effect on vehicle consumption and find out the fuel change as a result
of pavement surface types, average fuel consumptions were calculated by taking the
average of northbound values and southbound values (shown in table 3). Based on the
average fuel consumptions, the difference in percentage of each test session can be
determined. The percentage differences in table 3 are represents of fuel saving by flexible
pavement compared to rigid pavement. From the table, we can see that there is a 2.24%
fuel saving for passenger car on test site I and 2.76% fuel saving on test site II. Combine
the two sites results, we can conclude that passenger car consumes an average of 2.50%
more fuel on flexible pavement compared to rigid pavement, given the test condition of
this study.
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Table 3. Passenger car test results
Passenger Car Fuel Consumption Result in Gallons per Hundred Miles (GPHM)
NB_ SB_ Average_ NB_ SB_ Average_ Diff. 
Site Date Flexible Flexible Flexible Rigid Rigid Rigid %
Site-I 11/23/12 3.243 2.939 3.091 3.163 2.812 2.987 3.47%
12/12/12 2.709 2.995 2.852 2.703 2.865 2.784 2.45%
01/13/13 3.075 3.491 3.283 3.077 3.273 3.175 3.40%
02/20/13 3.501 3.272 3.386 3.594 3.157 3.376 0.32%
03/09/13 3.603 3.523 3.563 3.582 3.499 3.541 0.63%
04/18/13 3.201 3.614 3.407 3.133 3.501 3.317 2.73%
05/12/13 3.248 3.762 3.505 3.163 3.642 3.403 3.01%
06/15/13 3.333 3.232 3.283 3.234 3.208 3.221 1.92%
Average % Difference 2.24%
Site-II 03/02/14 3.114 3.187 3.151 3.032 2.912 2.972 6.02%
03/03/14 3.287 3.273 3.280 3.020 3.218 3.119 5.17%
04/16/14 3.175 3.105 3.140 3.322 2.829 3.075 2.10%
05/10/14 3.118 3.582 3.350 3.118 3.561 3.339 0.32%
06/17/14 3.274 3.403 3.339 3.197 3.337 3.267 2.20%
08/12/14 3.240 3.454 3.347 3.222 3.423 3.322 0.74%
Average % Difference 2.76%
3.1.2. Paired T-test
Significant test was then carried out to detect if the fuel consumption differences
obtained in section 3.1.1 are statistically significant. Paired T-test was applied to
compare the average flexible fuel consumption and the average rigid fuel consumption
for all available passenger car data. Paired T-test is a pairwise test used when comparing
two sets of measurements to assess whether the means are statistically different. As a
result, it was used herein as a statistical tool for hypothesis testing purposes in
comparing fuel consumption differences between the two pavement types. The data
were tested at a 95% confidence level in order to obtain statistically meaningful
conclusions. The hypothesis of the paired t-test is:
H0: u1 = u2
Ha: u1 > u2
Where: u1 = the average fuel rates on flexible pavement in GPHM
u2 = the average fuel rates on rigid pavement in GPHM
Before performing the paired T-test, normality of the differences (flexible minus
rigid) was checked by Shapiro Test and visualized via histogram. Resulted p-value from
Shapiro Test equal to 0.3462 (greater than 0.05), which indicate data normality can be
assumed. Histogram shows the same conclusion. Paired t-test was then carried out via
statistical program “R”. The resulting low p-value (9.254e-05 << α = 0.05) indicated
that the fuel consumption difference is statistically significant at a 95% confidence
level. Summary of paired t-test result is shown in Table 4.
Confidence bound of percentage differences for flexible compared to rigid were also
computed. The lower and upper percentage differences were calculated by dividing the
lower and upper limits over the mean rigid fuel rates. Conclusion can be drawn that
under the test condition for passenger car, there is a 95% possibility that the interval of
1.47% to 3.34% contains the true fuel consumption difference for flexible pavement
compared to rigid pavement, with a fuel saving in favor of rigid pavement.
3.2. Tractor-trailer Test Results
3.2.1. Average difference
Similarly, fuel consumption differences of tractor-trailer of each test were also
calculated with the same manner. From table 5, we can conclude that tractor-trailer
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Table 4. Paired T-test results for passenger car
Paired Differences
95% Conf. Interval of the Diff. p-value
Mean Lower Diff. Upper Diff. t df (two way)
Flexible - Right 0.0771 0.0471 0.1070 5.5583 13 9.254e-05
Percentage Differences of Flexible Compared to Rigid
Mean of Rigid Lower % Diff. Upper % Diff. *Calculation based on 95% C.I. 
3.2070 1.47%* 3.34%* of differences over the mean
fuel consumption of rigid
consumes an average of 4.04% more fuel on flexible pavement compared to rigid
pavement, under the test condition of this study.
3.2.2. Paired T-test
Same as the passenger car test, normality of the difference (flexible minus rigid) was
first evaluated through Shapiro test and histogram. The p-value from Shapiro Test is
0.5205, which is greater than 0.05, again proved the validity of the distribution
normality assumption (same as histogram). Paired t-test was then performed to the
paired flexible-rigid data sets and the yielded small p-value (2.321e-06 << α = 0.05)
shows that the fuel consumption difference is statistically significant at a 95%
confidence level, (table 6). Confidence bounds of percentage differences indicates that
for the test condition of tractor-trailer, there is a 95% chance that the interval of 3.61%
to 4.47% contains the actual fuel consumption difference between flexible pavement
and rigid pavement, with a higher fuel consuming for flexible pavement.
4. HDM-4 FUEL CONSUMPTION MODEL CALIBRATION
This chapter presents the process and results of the HDM-4 fuel consumption model
calibration using the data from the field test. All units used in this chapter were
converted and displayed in metric unit in order to be consistent with the HDM-4 model.
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Table 6. Paired T-test results for tract-trailer
Paired Differences
95% Conf. Interval of the Diff. p-value
Mean Lower Diff. Upper Diff. t df (two way)
Flexible - Right 0.5437 0.4855 0.6018 24.0384 5 2.321e-06
Percentage Differences of Flexible Compared to Rigid
Mean of Rigid Lower % Diff. Upper % Diff. *Calculation based on 95% C.L. 
13.4593 3.61%* 4.47%* of differences over the mean
fuel consumption of rigid
Table 5. Tractor-trailer test results
Tractor-trailer Fuel Consumption Result in Gallons per Hundred Miles (GPHM)
NB_ SB_ Average_ NB_ SB_ Average_
Site Date Felxible Flexible Flexible Rigid Rigid Rigid Diff. %
Site-I 05/10/13 11.900 13.805 12.853 11.663 12.987 12.325 4.28%
06/15/13 13.639 15.150 14.394 13.542 13.966 13.754 4.65%
07/20/13 12.862 15.093 13.978 12.750 14.097 13.424 4.13%
10/05/13 13.960 14.978 14.469 14.017 13.980 13.998 3.36%
11/16/13 13.389 15.067 14.228 13.198 14.166 13.682 3.99%
12/14/13 11.918 16.272 14.095 11.376 15.767 13.572 3.85%
Average % Difference 4.04%
4.1. Model Description
The Highway Development Management HDM-4 Fuel consumption model is adopted
based on the ARFCOM model developed by the Australian Road Research Board in
1988. In calculating the fuel consumption of a vehicle, it is aimed at quantifying the
magnitude of power required to drive the vehicle by combining each of the required
powers with efficiency parameters and determine the fuel requirement of vehicle
operating on varies conditions. The total power is composed of tractive power, engine
and accessories power and power loss due to engine internal friction (11). The general
form of the HDM-4 fuel consumption model is:
Where: IFC is instantaneous fuel consumption (mL/s), Ptot is total power, Ptr is
power required to overcome traction forces (kW), Paccs is the power required for engine
accessories (KW), Peng is power required to overcome internal engine friction (KW), 
α is fuel consumption at idling (mL/s), ξ is engine efficiency (mL/kW/s), dFuel is excess
fuel consumption caused by congestion.
The tractive power is a function of the aerodynamic, gradient, curvature, rolling
resistance, and inertial forces. For this study, the inertia, curvature and gradient model were
not included for study since the field tests were measured at a constant peed on straight and
flat roadway sections without consideration of gradient and curvature effect. The model
and sub-model equations and variables included in this study are listed in Table 7.
IFC f P P P max P d( , ) 1000 ( , (1 ))tr accs eng tot Fuelυ α ξ= + = × × +
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Table 7. HDM-4 fuel consumption models
Name Description Unit
Total Power (Ptot) kW
edt Drive-train efficiency 
Engine and Accessories
Pengaccs = Peng + Paccs = Kpea × Pmax
Power (Pengaccs)
Kpea Calibration factor for engine and accessories power
Pmax Rated engine power kW
Paccsa1
b = ξb × Kpea × Pmax
c = –α
ξb Base fuel-to-power efficiency (gasoline versus diesel) mL/kW/s
ehp Proportionate decrease in efficiency at high output power
α Fuel consumption at idling mL/s
P P
edt
P Ptot tr accs eng= + +
P P P RPM RPMIdle
RPM RPMIdle100accs accs accsa ao a1 1( )= + − ×
−
−
⎛
⎝
⎜
⎞
⎠
⎟
P b b ac
a
4
2accsa1
2
=
− + −
a ehp K P
P P100
100b pea max
ct eng2ξ= × × × ×
−
(Continued)
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Paccsa0 Ratio of engine and accessories drag to rated engine 
power when travelling at 100km/h
PctPeng Percentage of the engine and accessories power %
used by the engine
Engine Speed RPM = a0 + a1 × SP + a2 × SP2 + a3 × SP3 rev/min
(RPM) SP = max(20, v)
v Vehicle speed m/s
a0 to a3 Engine speed model parameter
RPM100 Engine speed at 100km/h rev/min
RPMIdle Idle engine speed rev/min
Tractive Power (Ptr) Ptr = v(Fa + Fg + Fc + Fr + Fi)/1000 kW
Fa Aerodynamic forces N
Fg Gradient forces N
Fc Curvature forces N
Fr Rolling resistance forces N
Fi Inertial forces N
Aerodynamic Fa = 0.5 × ρ × CDmult × CD × AF × v2 N
Forces (Fa )
CD Drag coefficient
CDmult CD multiplier 
AF Front area m2
ρ Mass density of the air kg/m3
v Vehicle speed m/s
Rolling Resistance (Fr) Fr = CR2 × FCLIM × (b11 × Nw + CR1 × N
(b12 × M + b13 × v2))
CR1 Rolling resistance tire factor 
b11 = 37 × Dw
Rolling Resistance 
Parameters
b13 = 0.012 × Nw/Dw2
Rolling Resistance CR2 = Kcr2 × (a0 + a1 × Tdsp + a2 × IRI + a3 × DEF)
Surface Factor (CR2)
Kcr2 Calibration factor for rolling resistance
a0 to a3 Rolling resistance model coefficient 
Tdsp Texture depth using sand patch method mm
IRI International roughness index m/km
DEF Benkelman beam rebound deflection mm
FCLIM FCLIM = 1 + 0.003 × PCTDS × 0.002 × PCTDW
PCTDS Percentage driving on snow
PCTDW Percentage driving on wet surface
b Dw
old ties
Dw
latest tire
0.067
0.06412
=
Table 7. (Continued)
Name Description Unit
4.2. Calibration Process
Calibration of the fuel consumption model parameters is usually accomplished either
by having series of fuel consumption measurement or, alternatively, existing fuel
consumption models, such as those developed using multiple linear regression
techniques. The HDM-4 Calibration Manual provides three levels of effort to achieve
calibration based on the available time and resources (19). This study focused on level-
II calibration, which uses direct measurements of local conditions to verify and adjust
the predictive capability of the model.
The data from the field tests were used in calibration of HDM-4 fuel consumption
model. Before model calibration, fuel rates were calculated for both vehicle types on all
sections in each travelling bound separately (northbound/southbound). Calibration was
then independently performed with the passenger car data and tractor-trailer data.
The HDM-4 fuel consumption model provides two parameters for calibration
purpose: Kcr2 and Kpea. Kcr2 is the factor modifies the tractive power and Kpea is
intended to adjust the engine and accessories power. The coefficients that can result the
least sum of square differences between the measured fuel rates and predicted fuel rates
(both in mL/s) are the target values of the calibration. Excel’s Solver from Microsoft
was used to obtain the target calibration coefficients. (Excel’s Solver is an add-in for
Excel software designed to minimize the sum of squared error for mathematical
models.)
Table 8 shows of the parameters applied in the model calibration. Adopted values
were applied when real observations were not available from the field test. The engine
speed coefficients were adopted from the studies of Zaabar and Chatti (15,16), from
which the HDM-4 engine speed model was calibrated and new engine speed
coefficients were generated according to the U.S. vehicle fleets.
4.3. Calibration Result
Table 9 summarizes the coefficients obtained from the calibration process. The last
column in the table shows if there is statistically significant difference between field
measured fuel rates and predicted fuel rates using HDM-4 fuel consumption model
after calibration. Comparison was performed through paired t-test at 95% confidence
level (α = 0.05).
Figure 5 are the plots showing the measured fuel consumption versus the predicted
fuel consumption by calibrated HDM-4 fuel consumption model. The passenger car test
plot includes data from site I and site II separately differentiated by the dots type. The
right plot contains data from the tractor-trailer test. Since the test speed is fixed for each
vehicle type, both of the plot data points centralize within a small range, with passenger
data ranging from 1.6 mL/s to 2.4 mL/s and tractor-trailer data gathering between 
6 mL/s and 12 mL/s. Both vehicle results show good agreement between model
prediction (after calibration) and real measurement. Generally speaking, passenger car
model was better calibrated compared to tractor-trailer model (less scattered in
direction). Given the limited available data applied in this study, more tests would be
expected in future work to include more roadway sections and vehicle types. Variability
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Table 9. Calibration coefficients
Case Kpea Kcr2 SSE (mL/s) 95% C.L. Diff.?
Passenger car – Site I 7.205 0.380 1.227 No*
Passenger car – Site II 4.843 0.142 0.623 No*
Tractor-trailer – Site I 1.513 0.128 21.559 No*
Note: “*” – Test if there is any significant difference between measured values and predicted
values at 95% confidence level.
Figure 5. Comparison between model predictions and measurements
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of test vehicle speed and pavement structural layer thickness (stiffness) are also worth
of studying.
5. CONCLUSION
This study first implemented the field measurement by operating passenger car and
tractor-trailer on roadway sections containing flexible pavement and rigid pavement on
two interstate roadway sites in Florida. Statistical comparisons were performed and
results indicated that average fuel consumption differences between flexible pavement
and rigid pavement at given test condition are 4.04% for tractor-trailer and 2.50% for
passenger car, both with a less fuel consumption on rigid pavement. Fuel savings were
tested statistically significant at 95% confidence level (C.L.) for all comparisons. The
95% confidence bounds of the percentage differences were also computed for each
vehicle type, with 1.47% to 3.34% for passenger car and 3.61% to 4.47% for tractor-
trailer. Results showed good agreement with other studies.
Test data were then used to calibrate the HDM-4 fuel consumption model. Model
coefficients were obtained through the calibration for both vehicle types. Comparisons
between measurement and calibrated model prediction showed generally reasonable
agreement given the limited available data inputs. In turn, the results further confirm the
need to adjust/calibrate models before apply to local practice. On the other hand,
evaluation and reconsideration of the recommended model proposed in this study
would be necessary considering the differences between the model’s results and
observations appeared in this study. More calibration and adjustment would be expected
in future research.
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